widely and unpredictably within and among years (Stanford 1972 , Brennan 1991 . Net productivity during summer is highly dependent upon nesting success and chick survival (Roseberry and Klimstra 1972, Cantu and Everett 1982). Chick mortality is often high during the first few weeks of development and appears to be related to range condition (Cantu and Everett 1982). Causes of chick mortality are difficult to assess in the wild, but nutrition has been suggested as an important consideration (Hurst 1972) . Juvenile birds have a high requirement for dietary protein (Nestler et al. 1942) , which necessitates the consumption of invertebrates to meet this high demand (Hurst 1972) .
The physiological consequences of moderate to low dietary protein deficiencies in juvenile Northern Bobwhite are not completely known, but reduced growth and development has been 
1981, 1983, Willis and Baker 1981, Klasing 1988).
Our objective was to explore the effects of dietary protein quality on the development of immunocompetence in juvenile Northern Bobwhite under controlled conditions. Lymphoidorgan development, lymphocyte populations, in vitro lymphoproliferative responses, and in (Table I) . Daily food consumption was measured to insure palatability by offering a known quantity of food and weighing uneaten portions the following day (correcting for spillage). Body mass was determined at weekly intervals during the three-week trial. Birds were returned to the laboratory after the trial, anesthetized with 5 mg ketamine hydrochloride, and exsanguinated via the jugular vein. (Fig. 2) . Both the 15 and 33% diet protein groups had absolute and relative masses greater than chicks in the 8% diet group; differences between the 15 and 33% dietary protein groups were not significant. Total lymphocyte yields from dissociated spleen (P = 0.021) and bursa (P = 0.002) were influenced by dietary protein (Fig. 3) . Yields were lower in the 8% protein group (58% reduction in cell yield for spleen and 68% reduction for bursa compared to 33% group) than the other two treatments; there was no difference between 15 and 33% dietary protein groups. Lymphocyte yields from spleen (P = 0.244) and bursa (P = 0.165), expressed on a relative basis (cells/mg tissue), showed no relationship to dietary protein content (Fig. 3) .
In vivo immune responses.--There was no difference (P = 0.554) among treatments in serum hemagglutinating antibody titers of SRBC-im- protein diets displayed smaller skin reactions that were less erythematous than bobwhite chicks on the 33% protein group (2.64 ñ 0.16); three chicks on the 8% diet displayed no erythema to slight erythema, while all chicks in the 33% group displayed moderate to intense reactions. The magnitude of the PHA response was significantly correlated with body-mass change, final body mass, and development of the spleen and bursa (Table 1) .
Lymphoproliferation.--Lymphocyte yields from dissociated spleen preparations of chicks from low protein diet groups were frequently inadequate to test lymphoproliferative responsiveness at all mitogen dosages (Table 3 ). The ability of cultured splenocytes of bobwhite chicks to proliferate in vitro when stimulated with the mitogens Con A, PWM, and STM did not appear to be fully developed. Stimulation indices for Con A showed a clear dose response from 2.5 to 20.0 •g/ml, but a similar response was not Our results are in general agreement with previous studies demonstrating impairments in cell-mediated, T-lymphocyte-dependent immune functions in cases of protein malnutrition (Gershwin et al. 1985 No study has conclusively linked a decline in bobwhite chick survival to availability of high-protein food stuffs (insects) in the habitat during the period of rapid development. However, relationships between weather (rainfall) and recruitment or population density have been explored and suggest a nutritional link (Lehmann 1984 , Guthery et al. 1988 
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